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Abstract 
 
The trial has been developed during a two years period, 2013 and 2014, on tomato cultures, and factorial analysis 
(Principal Components Analysis) was implemented. The factorial analysis shows that fertilization and humidity has 
biggest influence on Clavibacter michiganensis subsp. michiganensis attack degree, while humidity and temperature 
influences the most Phytophtora infestans and Alternaria solani attack degrees. The Phytophtora infestans attack degree 
recorded the biggest attack in climatic conditions specific to the experimental site, followed by Clavibacter michiganensis 
subsp. Michiganensis, and Alternaria solani. 
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1. Introduction 
 
The most important pathogens affecting 
tomatoes are of fungic, bacterial and viral origin. 
Concerning fungi, lots of pathogenic agents are 
known, but the biggest damages are produced by 
Phytophtora infestans (late blight), Alternaria solani 
(early blight), Septoria lycopersici (septoria leaf 
spot), Botrytis cinerea (gray mold) or Fusarium 
oxysporum f. sp. lycopersici (fusarium wilt). Tomato 
are specific host for very harmful bacterial agents as 
Clavibacter michiganensis sub sp. michiganensis, 
that produces bacterial canker, and Xanthomonas 
campestris pv. Vesicatoria, producing bacterial spot.  
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However one of the most important threat 
against tomato cultures remains viruses’ attacks, 
because of their very large damaging capacity. 
Among viruses, with most harmful effect on tomato 
crops, we have to mention: tomato mosaic virus - 
TMV, tomato spotted wilt – TSWV, and alfalfa 
mosaic virus – AMV [3, 9, 11].  
An important issue aiming to plant protection 
preoccupations area with direct influence upon 
tomato cultivation, is that of quarantine pathogenic 
organisms.  
These organisms are subject of specific EU 
policy, developed both in order to prevent 
introduction by imports, and further spread of 
harmful organisms, and supplying plant health [13, 
10].  
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In this respect, the European Commission 
elaborated a list of quarantine organisms, which is 
permanently updated. Particular geographical and 
climatic conditions of Romania have important 
influence on tomato culture phytosanitary protection 
[7]. Scarcity of studies conducted in this particular 
area, at national level, impose enhanced attention 
paid to this issue.  
Our study aims to identify the occurrence 
extent of the most important tomato pathogens of 
fungic origin, Phytophtora infestans and Alternaria 
solani, respectively, and Clavibacter michiganensis 
subsp. michiganensis, a bacterial quarantine 
pathogenic agent, function of fertilizing solution and 
treatments, in a private vegetal farm located in 
Transylvanian Plain, county of Cluj. Performing a 
hierarchy of the pathogen risks, based on our study 
assessments is another goal of this research. Based on 
numerous molecular studies, the pathogenicity of 
Phytophtora infestans, Alternaria solani, and 
Clavibacter michiganensis subsp. michiganensis 
isolates of Alternaria solani seems to be more or less 
virulent [4, 5]. 
 
2. Material and Method 
 
Temperature and humidity were recorded in 
each field. The frequency and intensity of three 
pathogens were recorded five times by month, using 
observations, in order to calculate their attack 
degrees. The aimed pathogens were: Phytophtora 
infestans, Alternaria solani, and Clavibacter 
michiganensis subsp. michiganensis. Phytophtora 
infestans is unanimously accepted as important 
devastating pathogen of Solanaceae family, potato 
and tomato crops being most affected [6, 9, 10].  
It produces extensive defoliation, also 
attacking fruits [8]. Alternaria solani is one of the 
most common pathogen of tomato cultures, like the 
other two discussed pathogens is moleculary 
characterized10. It is a fungal agent producing the 
disease called early blight.  
Because it affects the leaves, it causes fruits 
infection, and also favourize decrease of plant vigor 
[8, 9]. Clavibacter michiganensis subsp. 
michiganensis is a quarantine organism of bacterial 
origin. According to EFSA it is identified in 16 EU 
countries, producing serious foliar and fruit damages 
in tomatoes of all ages [11, 12]. 
Wide symptomatic spectrum is characteristic 
for infected tomato plants, which could vary from   
chlorotic leaf spots, wilting, to stem cankers, etc. 
Seed is the most important source of infection [14]. 
All mentioned pathogens are very sensitive to 
climatic conditions. Humidity is a favourizing factor, 
and also temperature plays an important role in their 
manifestation.  
Phytosanitary treatment was applied in all 
cultures. Because there is a single active principle 
recommended for conventional fighting against all 
monitored pathogens, mancozeb, respectively, the 
commercial phytosanitary homologated product 
Vondozeb 80 PU (mancozeb 80%) was used in doses 
of 2.00 – 2.50 kg/ha [3].  
Basic statistics was applied in order to 
emphasize the averages, dispersion parameters, 
skewness, kurtosis, and coefficient of variability, for 
all analyzed variables. The comparisons between 
variables’ evolutions were performed using Student 
test. The hyerarchisation of the factors affecting 
diseases importance was performed using factorial 
analysis approach. Principal Components Analysis 
(PCA) was implemented in order to identify the 
importance of cultural conditions, for each studied 
pathogen. Data were processes using STATISTICS 
for Windows, Version 7.0 . 
 
3. Results and Discussions 
 
The use of Principal Components Analysis 
(PCA) allows us to nominate the most important 
components, identified in this study, as having 
biggest influence on bacterial canker, late blight, and 
light blight, in analysed tomato variety, Cluj 80, 
respectively, grown within climatic conditions 
specific for Transylvanian Plane (Figs., 1, 2, and 3).  
The PCA applied to the analyse of the 
Clavibacter michiganensis subsp. michiganensis 
attack degree in experimental area within climatic 
conditions of two successive years, 2013 and 2014 
respectively, emphasize that biggest contribution in 
bacterial canker evolution in studied tomato variety – 
Cluj 80, is brought by fertilization, in a share of 
55.19% and humidity, in share of 32.39%, which 
have antagonist action. The mineral fertilization with 
enhances N100P100K100 plant resistance, while 
humidity increases the bacterial pathogen attack 
effects (Fig. 1).  
If we study the PCA in Phytophtora infestans 
and Alternaria solani attack degree in experimental 
area within climatic conditions of two successive 
years, 2013 and 2014 respectively, emphasize that 
biggest contribution in late blight and also in early 
blight evolution in studied tomato variety – Cluj 80, 
is brought by humidity and temperature, which act in 
the same direction of enhancing the attack degree 
values. Humidity is responsible of 53.96%, while 
temperature of 36.72% of contributions in 
Phytophtora infestans attack degree analyze (Fig. 2), 
while in Alternaria solani attack degree analysis, 
they are responsible in shares of 53.76%, while 
temperature of 36.06% (Fig. 3). 
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Figure 1. PCA applied in Clavibacter michiganensis subsp. michiganensis attack degree analyse 
 
 
 
 
 
 
 
 
 
Figure 2. PCA applied in Phytophtora infestans attack degree analyse 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. PCA applied in Alternaria solani attack degree analyse 
 
Variable % Total 
variance 
Eigen 
value 
Fertilization 55.19% 2.20 
Humidity 32.39% 3.50 
No fertilization 7.93% 3.82 
Temperature 4.49% 4.00 
Variable % Total 
variance 
Eigen 
value 
Humidity 53.96% 2.15 
Temperature 36.72% 1.46 
Fertilization 7.69% 0.30 
No fertilization 1.61% 0.06 
Variable % Total 
variance 
Eigen 
value 
Humidity 53.76% 2.15 
Temperature 36.06% 1.44 
Fertilization 7.53% 0.30 
No fertilization 2.63% 0.10 
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Conclusion 
 
The Principal Components Analysis (PCA) 
emphasizes that fertilization and humidity has 
biggest influence on Clavibacter michiganensis 
subsp. michiganensis attack degree, while humidity 
and temperature influences the most Phytophtora 
infestans and Alternaria solani attack degrees, in Cluj 
80 tomato variety, grown within climatic conditions 
specific for Transylvanian Plane. Analysing 
pathogen risks exposure in tomato variety Cluj - 80, 
grown in Transylvanian Plane climatic conditions, 
we find Phytophtora infestans is biggest threat, also 
because its action cannot be attenuated by 
fertilization contribution, followed by Clavibacter 
michiganensis subsp. Michiganensis, and Alternaria 
solani. 
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